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The organizer is considered a structure characteristic of
the chordate phylum (J. Gerhart, University of California,
Berkeley) and can be defined as an embryonic regionSeventy-five years ago Spemann and Mangold pub-
capable of inducing a secondary axis when transplantedlished the results of an experiment that was to mark a
to an ectopic site. In addition, the organizer self-differen-turning point in experimental embryology. They trans-
tiates to give rise to different axial tissues such as theplanted the blastopore lip of a newt gastrula into another
notochord, prechordal mesoderm, floor plate, and dor-newt embryo leading to the generation of a second em-
sal endoderm. It is important to stress that the organizerbryo. A more detailed analysis revealed that the addi-
not only instructs neighboring cells to differentiate intotional embryo was in part derived from the graft and,
several tissues but it also influences time, place, andmore importantly, also from the host. In particular and
orientation within the embryo (Gerhart).apart from its contribution to the floor plate, the second-
The current model for induction of the Xenopus orga-ary neural tube was derived from host ectoderm. This
nizer implies the existence of two maternal componentsexperiment demonstrated that the grafted tissue con-
that act as a mesoendodermal inducer and as a dorsaltained an ªorganization centerº capable of influencing
modifier (see Harland and Gerhart, 1997). In molecularthe fate of the surrounding tissues. On the occasion
terms, these factors correspond to the activation of theof the 75th anniversary of this celebrated publication
TGFb- and Wnt-signaling pathways, respectively. The(Spemann and Mangold, 1924), E. De Robertis (UCLA)
mesoendoderm inducer is secreted by all vegetal cells,and J. AreÂ chaga (Universidad del Pais Vasco) organized
while those located in tiers 3 and 4 on the dorsal sidea workshop that was held on May 24±26 at the Instituto
of the 32-cell stage blastula embryo also secrete theJuan March in Madrid. The workshop, entitled ªMolecu-
dorsal modifier and constitute the Nieuwkoop center.lar Nature of the Gastrula Organizer,º provided a general
Mesoendoderm induction sets up the competenceoverview regarding our current understanding of the
groups to form ectoderm, mesoderm, and endoderm,ªSpemann Organizer.º I apologize for not including an
and the dorsal modifier sets up the dorsoventral axis ofexhaustive reference list in this review when referring
the embryo that confers information for the formationto published work due to size constraints (for excellent
of the organizer (Figure 1).recent reviews of the field, see Harland and Gerhart,
Once the gastrula organizer has been formed, the
1997; Schier and Talbot, 1998; Beddington and Robert-
three germ layers are responsive to the signals emanat-
son, 1999; Streit and Stern, 1999a).
ing from it that coordinate neural induction and the pat-
At the turn of the century, Spemann was conducting terning of the mesoderm and endoderm. The organizer
experiments in the two-cell newt embryo, separating produces and releases signals capable of influencing
the two blastomeres by constriction. He realized that in both dorsal and anterior development in surrounding
some cases, the two independent parts were able to tissues. In molecular terms, this implies the generation
form two fairly normal embryos, while in others only one of an area where BMP and Wnt signals are inhibited.
part developed as an embryo, the rest giving rise to The cells in the ventral region of the embryo that will
what he called the ªbelly piece.º He considered that the normally develop ventral and posterior structures pro-
different planes of division might be responsible for the duce both ligands (see Figure 2).
different outcomes, and he deduced that only the dorsal The mesoderm of the Xenopus blastula is located
part could develop into a complete embryo in response around the equator and it is patterned along the dorso-
to a differentiation signal. Thus, as early as 1903, he ventral axis to give rise to axial (notochord and pre-
foresaw the existence of an organizer. Nine years later, chordal mesoderm), paraxial (somites), intermediate
from his studies on lens development, he launched the (pronephros), and lateral (blood) derivatives. This pat-
concept of embryonic induction, by which certain tis- terning is carried out by an interplay between ventraliz-
sues can respond to instructive signals emanating from ing (BMP-mediated) and dorsalizing signals (BMP an-
another nearby tissue. It is, however, fair to mention tagonists secreted by the organizer) that generate a
that C. Herbst was the first to describe the concept of gradient of BMP activity. The more BMP activity, the
induction in 1895 (see Oppenheimer, 1991). Neverthe- more ventral the phenotypes obtained (Figure 2). This
less, it was clearly Spemann and Mangold who designed has been confirmed in animal cap explants by a titration
and executed the critical experiment that allowed the of the levels of BMP activity through the use of different
dorsal lip of the blastopore to be identified as the orga- concentrations of its antagonists Chordin, Noggin, and
nizer, the culmination of some 20 years of work. Follistatin (see Harland and Gerhart, 1997). These antag-
In these 75 years, structures homologous to the am- onists are secreted by the organizer and sequester BMP
phibian organizer have been described in all vertebrates: from the extracellular space, preventing binding to its
receptors and, thus, blocking its activity.the embryonic shield in the fish, Hensen's node in the
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Figure 1. Diagram of the Pregastrulation Stage in Different Vertebrates
The Nieuwkoop center forms at the region where a TGFb signal (black arrow) and a Wnt signal (white arrow) converge. Only one arrow is
shown in the mouse and chick for simplicity. The two signals set up the competence groups to form ectoderm, mesoderm, and endoderm
and confer positional information for the formation of the organizer (see text). V, ventral; D, dorsal; A, anterior; P, posterior. Black thin arrows
in the mouse embryo indicate the direction of morphogenetic cell movements.
Spemann and Mangold's experiment also showed when Wnt is ectopically activated in the ventral side of
the frog. This manipulation dorsalizes the ventral sidethat signals from the organizer were able to induce neu-
ral tissue from host cells, generating a secondary neural and leads to the formation of a secondary axis (McMa-
hon and Moon, 1989). While there is no evidence yettube in cells that otherwise would be epidermis. Thus,
the ectoderm has to make a choice between becoming that a Wnt is required for axis specification in Xenopus,
there is clear evidence that besides being dorsally local-neural or nonneural after sensing signals that act as
neural inducers. Recently, evidence has accumulated ized, nuclear localization of b-catenin is necessary for
axis formation (see Moon and Kimelman, 1998). Whatto suggest that neural induction in Xenopus is the result
of the derepression of a neural default state (Hemmati- has been missing, therefore, are data addressing how
b-catenin becomes enriched on the prospective dorsalBrivanlou and Melton, 1997). Ectodermal cells are in
principle fated to become neural but this process is side. New evidence (Miller et al., 1999) indicates that
Dishevelled is vectorially transported to the dorsal sideinhibited by BMP4. In particular regions of the embryo,
BMP signaling is abolished by the same BMP antago- of the embryo along microtubule tracks during cortical
rotation (R. T. Moon, University of Washington, Seattle).nists that pattern the mesoderm (Chordin, Noggin, and
Follistatin), which in this case act as neural inducers. On the dorsal side Dishevelled likely interacts with a
complex formed by several molecules and results in theThis implies that the organizer makes use of the same
molecules for the patterning of the ectoderm and the downregulation of GSK3 activity. Since GSK3 is required
for the degradation of b-catenin (Yost et al., 1996), inhib-mesoderm.
In spite of the amount of information accumulated iting its activity stabilizes b-catenin in the dorsal side,
while it is degraded in the ventral side where GSK3regarding our knowledge of the organizer, many pivotal
questions are still open, proving that we are far from activity is high. This mechanism seems to be fairly well
conserved in other vertebrates since although fish eggsunderstanding the complex mechanisms that underlie
the morphogenesis of an early vertebrate embryo. do not exhibit cortical rotation, vesicle transport results
in dorsal accumulation of b-catenin (Schneider et al.,Among the relevant questions approached at the meet-
ing that I will try to address below are: the effectors 1996). Since b-catenin acts as a transcription factor in
Wnt signaling, it requires nuclear localization (Yost etthat establish embryonic polarity, the interplay of the
signaling pathways that cooperate to form the Nieuw- al., 1996 and see below). Recently, nuclear localization
koop center and the Spemann organizer, the real nature of b-catenin has also been observed in the chick blasto-
of the cells that constitute the organizer, the ins and derm (M. Kessel, MPI, GoÈ tingen).
outs of the molecules that together with BMP pattern In addition to the b-catenin-mediated Wnt signaling
the mesoderm and the ectoderm, how the cells interpret pathway operating in the dorsal side of the embryo,
the concentration of a signaling molecule, and even the recent evidence points to the existence of another
fact that Spemann's organizer is not the only organizing b-catenin-independent Wnt pathway triggered in the
center in early embryos. ventral side of the embryo (Moon). This pathway works
through the same receptors (Frizzled homologs), but is
dependent upon pertussis toxin±sensitive G proteins,The Establishment of Embryonic Polarity: Two
leading to the elevation of intracellular calcium concen-Antagonistic Wnt-Signaling Pathways?
trations. The signaling through this Wnt/calcium path-Following fertilization, Xenopus eggs undergo a rotation
way involves the activation of two kinases, Cam-kinaseof the cortex relative to the cytoplasm that positions a
II and Protein kinase C (Moon). Thus, at early cleavagedorsal inducing activity at the region where the Nieuw-
stages, two different Wnt pathways may promote antag-koop center and organizer will form. This cortical rota-
onistic dorsal and ventral fates in Xenopus embryostion leads to the dorsal accumulation of b-catenin (Lara-
generating polarity and presaging the localization of thebell et al., 1997), a downstream effector in Wnt signaling.
The importance of this signaling pathway can be seen Spemann's organizer.
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Figure 2. Diagram of the Gastrula in Different Vertebrate Embryos
(A) Scheme of the opposing signaling systems that result in the regionalization of the gastrula. The BMP and Wnt pathways triggered in the
ventral side of the Xenopus embryo are antagonized by the action of molecules secreted by the organizer in the dorsal side. The interplay
between them results in the patterning of the ectoderm, the mesoderm, and the endoderm (see text). Xenopus (B and D) and zebrafish embryos
(C and E) are shown at both early and late gastrulation stages. Embryos are shown open in order to visualize the internal tissues. The black
arrows indicate the progression of the involuted mesoderm; and the pink arrow, the signaling from the anterior ectodermal cells. (F) Dorsal
view and scheme of the lateral organization of layers in a gastrulating chick embryo. (G) Section through a 6.5 dpc mouse embryo; the arrow
indicates the movement of the anterior visceral endoderm, and division between extraembryonic and embryonic tissues along the proximodistal
axis is indicated. Both the organizer and the proposed anterior signaling centers are shown in all vertebrates except in the chick, where the
latter has been suggested to reside in the organizer derivatives (see text). In the fish, the additional ectodermal organizer is also shown. The
color code applies to (B)±(G). V, ventral; D, dorsal; A, anterior; P, posterior.
A Wnt- and a TGFb-Related Signaling Pathway Lead XCTBP (Moon). Thus, the dorsal accumulation and tran-
scriptional activity of b-catenin provides a molecularto the Activation of Organizer Genes
Although the dorsal restriction of b-catenin localization explanation for induction in Xenopus from the stages of
cortical rotation. However, the story is not completeoccurs in Xenopus during the first cell cycle after fertil-
ization, its activity as a transducer of the Wnt pathway because efficient activation of goosecoid also requires
TGFb signaling. Indeed, a requirement for a TGFb-medi-requires it to be translocated to the nucleus, which only
occurs at the midblastula stage. This signal probably ated molecular pathway for axis specification in Xeno-
pus has been well established. Several TGFb-relatedconstitutes the proposed dorsal modifier released by
the Nieuwkoop center which, together with the meso- molecules have been proposed as candidates to trigger
this pathway, including Vg1, Activin, and Nodal. Theseendoderm inducer (a TGFb-related signal), leads to
the formation of the organizer in the dorsal side of the molecules are present in Xenopus and zebrafish eggs
and their inhibition blocks mesoderm induction (Harlandembryo. Loss-of-function experiments with antisense
b-catenin support this hypothesis (Heasman et al., 1994). and Gerhart, 1997; Schier and Talbot, 1998). However,
the majority of the experiments aimed to test their ef-But how is it that these two signaling pathways con-
verge to form the organizer? fects in Xenopus have been carried out with dominant-
negative versions of the activin receptor, which areOn the future dorsal side of the embryo, nuclear
b-catenin acts as a transcription factor that when bound rather nonspecific in terms of their association to either
receptors or ligands of this family. A more specific ap-to Tcf3 can activate siamois expression, which in turn,
will activate organizer genes such as goosecoid (Moon; proach has been taken by the use of ªCerberus shortº
(a mutated form of the secreted factor Cerberus thatalso see Moon and Kimelman, 1998). On the future ven-
tral side, Tcf3 serves as a repressor of siamois expres- acts as an antagonist of Nodal). Blocking Nodal activity
by this means inhibited the formation of a functionalsion, in part through interaction with the corepressor
Cell
420
Nieuwkoop center and, consequently, the formation of Recent analyses of zebrafish mutants have greatly
the organizer and of the mesoderm (De Robertis; see helped our understanding of mesodermal induction and
Piccolo et al., 1999). In the zebrafish, Nodal-related patterning. Zebrafish minifin embryos, which are mu-
genes have been shown to be required for organizer tants for the tolloid homolog gene, show an expanded
and mesoderm formation (Feldman et al., 1998), acting domain of Chordin expression, as may be expected in
with One-eyed pinhead (Oep, a member of the EGF-CFC the absence of protease activity (M. Mullins, University
family of signaling factors, which contain an epidermal of Pennsylvania, Philadelphia). S. Schulte-Merker (MPI,
growth factor±like motif and a novel cysteine-rich motif) TuÈ bingen) presented evidence that the zebrafish yolk
as an extracellular cofactor and Antivin (a Lefty protein) cell is responsible for mesoderm induction at early
as a feedback inhibitor (A. F. Schier, Skirball Institute, stages through two distinct activities: one that induces
New York; Gritsman et al., 1999). Similarly, in the mouse, the notochord and is independent of BMP2 (swirl), and
nodal mutant embryos display reduced mesoderm for- another one involved in the formation of the trunk region
mation (Conlon et al., 1994) and lefty2 mutants have an and the neuroectoderm, which is repressed by BMP2.
expanded domain of mesoderm (Meno et al., 1999). Additional signals that can modify the pattern of the
The connection between all the above-mentioned mesoderm were proposed by R. Harland (University of
TGFb family members and the activation of goosecoid California, Berkeley). A neural plate peeled off a stage
is provided by their induction of Lim1, a homeobox tran- 11.5 Xenopus embryo was able to induce muscle mark-
scription factor expressed in the dorsal marginal zone at ers (MyoD) when placed in the ventral marginal zone,
blastula stages and, later on, restricted to the organizer. suggesting the existence of signals from the ectoderm to
Lim1, through its cooperation with Ldb (LIM domain the underlying mesoderm. Thus, in the neurula embryo,
binding protein), directly induces goosecoid expression, reciprocal signaling between the mesoderm and the
the step where the Wnt- (see above) and TGFb-signaling neural plate may occur to generate and stabilize pat-
pathways converge. The fact that goosecoid also seems terning.
to be regulated by Otx2 (I. Dawid, NIHCH, Bethesda and Regarding the differential patterning of the trunk and
M. Taira, University of Tokyo) places it at a central point tail mesoderm, D. Kimelman (University of Washington,
in the regulatory cascade leading to organizer formation Seattle) showed that synergistic interactions must occur
and function. between Nodal and FGF signals to regulate the expres-
In the chick, the Nieuwkoop center probably corre- sion of trunk- and tail-specific T box transcription fac-
sponds to the posterior marginal zone at preprimitive tors, with different regulatory relationships occurring at
streak stages, which also releases an activity compati- the two anteroposterior levels.
ble with the induction of the organizer (Hensen's node).
As in Xenopus, this is a region where Wnt and TGFb Is Blocking of BMP Signaling Enough
signals overlap (Kessel) and the candidate inducers are for Neural Induction?
Wnt8c and Vg1 (Bachvarova et al., 1998). This conver- Xenopus is an extremely useful system to overexpress
gence of signals may also occur in the mouse (Figure 1).
or ectopically express different molecules, a strategy
that led to the identification of BMP antagonists as neu-
Is the Gastrula Organizer a Static Population?
ral inducers. Those experiments, however, had the limi-
Based on fate mapping studies and experiments show-
tation that what they really showed was the ability ofing that the organizer can be regenerated in embryos
those factors to elicit a function, but they did not un-in which it has been previously ablated, Stern (Columbia,
equivocally demonstrate that they were necessary andNew York) proposed that the organizer cannot be de-
sufficient for neural induction in the normal embryo.fined as a static population, but rather as a state, which
Loss-of-function experiments are needed to clarify thisis acquired and lost by cells as they pass through a
matter, something that is not so easy to perform in am-specific region of the embryo. In the chick, the organizer
phibia. In this respect, the fish and mouse embryos areproperty is acquired as a result of induction involving
proving to be highly informative owing to the possibilitythe same signals as those that define the Nieuwkoop
of generating and analyzing mutants. Interestingly, micecenter (Vg1 and Wnt8c), but during gastrulation they
mutant for chordin, noggin, or follistatin, as well as fishemanate from different cells, in the middle of the primi-
lacking chordin function, show complete early neuraltive streak (Stern; Joubin and Stern, 1999).
tubes. Furthermore, mice double mutant for chordin and
noggin present severe reductions of the prosencepha-Mesodermal Patterning: More than a BMP Gradient
lon but a fairly complete neural tube (De Robertis). TheyIn addition to the gradient of BMP activity generated by
do however, show forebrain defects, compatible with aits binding to the inhibitors, a higher degree of com-
function in maintenance and/or differentiation, ratherplexity is generated during mesodermal patterning by
than in initial neural induction. This is in agreement withthe activity of specific proteases that cleave inactive
results obtained in chick embryos, where ectopic ex-Chordin/BMP complexes to release active BMP (Piccolo
pression of Chordin and/or Noggin is not able to induceet al., 1997), a mechanism homologous to that described
neural tissue in nonneural ectoderm (Streit et al., 1998).in Drosophila for Tolloid cleaving the Sog/Dpp complex.
Furthermore, the expression patterns of the three neuralXolloid, the Xenopus tolloid homolog, cleaves Chordin
inducers do not correlate with their putative role in neuralat specific sites that are also present in proteins such
induction in different vertebrates. Noggin and Follistatin,as collagens, which also bind BMP. This suggests that
although able to elicit neural induction in overexpressionthe mechanism of inactivation by binding and the poste-
experiments, are not expressed in the zebrafish orga-rior proteolysis to reactivate the signal could be more
general than previously perceived (De Robertis). nizer (Bauer et al., 1998); Follistatin is not expressed in
Meeting Review
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the mouse node; and the three of them show a temporal epidermis. This model is reminiscent of that proposed
for the formation of the border between the anteriorpattern of expression in the chick node that is not sug-
gestive of a central role in neural induction (Streit and neural plate and epidermis, where intermediate levels
of BMP activity define the border and give rise to theStern, 1999a, 1999b). The reduced expression of neural
markers in the zebrafish chordin mutant suggests that, induction of the cement gland in this region (Wilson et
al., 1997).although possibly in conjunction with other factors, it
may act as a neural inducer (Schulte-Merker et al, 1997). In the chick embryo, the neural crest also forms at
the border between neural and nonneural ectoderm,However, the possibility of this being a consequence of
prior effects on the organizer and/or mesoderm, cannot although in this case, it does not coincide with an in-
termediate level of BMP signaling. However, it doesbe discarded.
In spite of the caveats imposed in the action of coincide with a point of confrontation between BMP-
expressing and non-expressing cells. It seems that co-Chordin, Noggin, and Follistatin as qualified neural in-
ducers in different vertebrates, it is clear that the forma- operation between BMP and FGF signaling leads to the
formation of the border (Streit and Stern, 1999b). Thistion of neural tissue occurs in the absence of BMP sig-
naling. These BMP inhibitors may act in conjunction is compatible with the fact that FGF may elicit the forma-
tion of an ectopic neural plate by the generation of a newwith other molecules that have also been shown to in-
hibit BMP signaling. As discussed by Chang and Hem- neural±nonneural border when ectopically expressed in
presumptive nonneural ectoderm (I. Alvarez, Universi-mati-Brivanlou (1998), the Nodal-related protein Xnr3
may function as a BMP inhibitor by competitive binding dad de Extremadura, Spain).
to its receptors without eliciting a productive signal.
FGF may also interfere with BMP signaling through the Endoderm Induction and Patterning
phosphorylation and subsequent inactivation of the Endoderm precursors are located in Xenopus embryos
BMP transducer Smad1 by the FGF-activated Erk MAP in the vegetal hemisphere where they will respond to
kinase. maternal signals. In the fish, the signal is released by
If the absence of BMP signaling is a consistent finding the yolk cell to the overlying blastoderm where the pre-
in neural induction, it is not clear whether its inhibition cursors of the endoderm and the mesoderm are inter-
is a prerequisite. In relation to this, BMPs are expressed mingled (Figure 1). Both P. Lemaire (LPDG, Marseille)
in neither chick nor mouse ectoderm at the stages pre- and J. Smith (NIMR, London) implicated the maternal T
ceding neural induction. Furthermore, mice mutant for box protein VegT in the first steps of endoderm forma-
different BMP family members that develop to this stage tion before zygotic transcription (see also Zhang et al.,
show a normal early neural plate; mice mutant for BMP 1998). The targets of this transcription factor seem to
inhibitors do not provide much more information either, be members of the Bix family (Brachyury-inducible ho-
since they also have a nervous system (this review and meobox-containing genes; Tada et al., 1998). Indeed,
Streit and Stern, 1999a). The possibility of additional Bix4 expression can partially rescue the endodermal
unidentified BMP inhibitors playing a role in neural in- phenotype in embryos without maternal VegT tran-
duction cannot be excluded at the moment, and it is also scripts (Smith). At later stages, endoderm formation may
plausible that other molecular pathways might sensitize depend on zygotic transcription. Lemaire proposed a
the ectoderm to respond to BMP antagonists (Harland, mechanism involving a TGFb signaling pathway trig-
Stern). One important question now would be to know gered by factors of the Nodal-related family such as
when neural induction really starts, and which are the Xnr1 and Xnr2. This is in agreement with the fact that,
factors involved. in the fish, mutants that affect Nodal signaling (Cyclops,
One-eyed pinhead) lack definitive endodermal organs.
Subsequent anteroposterior patterning could be medi-Establishment of Epidermal±Neural Borders
ated by the titration of Nodal-related activity by CerberusThe precise establishment of the border between neural
(T. Bouwmeester, EMBL, Heidelberg). In fact, a functionand nonneural ectoderm in the early embryo is important
for the formation of anterior endoderm has been attrib-for several reasons: first, because its position deter-
uted to signals secreted by the organizer (Sasai et al.,mines the territory that will give rise to the central ner-
1996), again indicating that the same signals can patternvous system and second, because it is the region where
the three embryonic layers.several tissues originate. The cement gland forms at the
anterior border of the neural plate and epidermis, and
the neural crest forms at the border between the neural Cellular Responses to Secreted Molecules
The gradient models proposed for the patterning of theplate and the nonneural ectoderm. Both in Xenopus (R.
Mayor, Universidad de Chile) and zebrafish (Mullins), a mesoderm and the ectoderm lead us to consider the
mechanism by which a cell can interpret its position ingradient model of BMP activity has been proposed to
pattern the ectoderm in a similar manner to that pro- a concentration gradient (Gurdon et al., 1998). Cells
seem to be able to make continuous assessments ofposed for the dorsoventral patterning of the mesoderm.
By changing the level of BMP signaling in tissue recom- the concentration of the signal by the perception of the
number of receptors occupied. Furthermore, the samebination experiments in explants or in different dor-
salized embryos, which are mutant for components of cells can respond differently to varying concentrations
of the signal, choosing the response corresponding tothe BMP pathway, a threshold concentration of BMP
has been found to induce neural crest (Marchant et al., the highest level they detect (J. Gurdon, Wellcome CRC
Institute, Cambridge, UK). Thus, cells can elicit a differ-1998; Nguyen et al., 1998). A lower concentration will
give rise to neural plate and a higher one will induce ent response at different times after exposure to a signal
Cell
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emanating from a given source. In the case of BMP, a The Head Inducing Activity of the Anterior
higher degree of complexity appears, since molecules Primitive Endoderm
that bind to it, such as Chordin, could serve to transport Recent evidence has accumulated suggesting that in
it at a distance (De Robertis). The mechanism proposed the mouse, the anterior extraembryonic endoderm (also
by Gurdon has been devised with the use of activin as called the anterior visceral endoderm or AVE) is able to
a model. Indeed, different responses to activin have induce anterior neural patterning in the overlying ecto-
been shown to occur in vitro, with the formation of struc- derm prior to primitive streak formation, which would
tures with extraordinary organotypic characteristics. thus occur in the absence of an organizer (for review
Animal caps treated with activin and sandwiched be- see Beddington and Robertson, 1999). This region is
tween two nontreated caps, behaved as organizer-like located at the distal tip in the preprimitive streak embryo
structures giving rise to embryo-like explants (M. Asa- and subsequently undergoes a morphogenetic move-
shima, University of Tokyo). Remarkably, animal caps ment toward the proximal anterior region. The anterior
treated with a combination of Activin and retinoic acid translocation of the visceral endoderm is accompanied
give rise to renal tubules in culture that can function in by a movement of the proximal epiblast toward the pos-
vivo when transplanted into Xenopus embryos pre- terior region where the primitive streak will form (see
viously subjected to kidney extirpation (Asashima). Figure 1). These movements have been proposed to be
extremely important for the anteroposterior patterning
Is the Spemann's Organizer the Only Organizing
of the embryo. Mutant mice for Cripto, another member
Center in Early Embryos?
of the EGF-CFC family (as is oep), do not to undergo
Soon after the discovery of the gastrula organizer, it
visceral endoderm nor epiblast rotation, failing to formwas recognized that it does not constitute a homoge-
a streak or an organizer. However, their misplaced AVEneous cell population, since its most ventral part induces
is still able to confer anterior identity to the overlyinganterior tissues and its dorsal part, more posterior deriv-
epiblast (Ding et al., 1998). Furthermore, Otx2 mutantatives. This suggested the existence of two subpopula-
embryos fail to relocate the AVE and lack midbrain andtions of cells within the organizer that can be considered
forebrain structures. In a series of Otx2/Otx1 gene re-as head and trunk±tail inducers, respectively (reviewed
placement experiments, it has become clear that Otx2in Harland and Gerhart, 1997). These two regions can
is necessary in the AVE for the early specification of thealso be distinguished in the fish organizer. Although
anterior neural plate, and later on, it is required in theearly organizers have been shown to induce anterior
neural ectoderm and axial mesendoderm for mainte-tissues and older ones more posterior tissues in different
nance and differentiation purposes (Simeone, IIGB, Na-vertebrates, it appears that before gastrulation, the ªlate
ples; see Acampora and Simeone, 1999).blastula organizerº has a trunk±tail organizer activity
The homeobox gene Hex is the first marker of anteriorwhose initiation and/or maintenance depends on FGF
asymmetry (Thomas et al., 1998). Later on, the AVE addi-signaling. This leads to the question of how the anterior
tionally expresses the homeobox-containing transcrip-inductive properties are acquired and, thus, how head
tion factors Hesx1, Lim1 and Otx2 and the secretedinduction is achieved.
Head versus Trunk Induction factors Cerberus and HNF3b, among other molecules.
The quest for the molecules involved in head induction Mutant mice for either Hex or Hesx1 exhibit similar if not
in vertebrates has recently focused on the inhibition of identical truncations of the rostral forebrain. Chimeric
several signaling pathways. It has been proposed that embryos made of wild-type neuroectoderm and Hesx1
head induction, requires the repression of both BMP mutant visceral endoderm show no forebrain defects,
and Wnt signaling pathways (C. Niehrs, DKFZ, Heidel- indicating that Hesx1 is not required in the AVE for nor-
berg; see Glinka et al., 1997). Several molecules have mal forebrain development. Chimeric analysis currently
been described in the last few years as head inducers under progress will provide information on the role of
and the analysis of their mode of action has confirmed Hex in the AVE. (Martinez-BarberaÂ , from R. Beddington's
their antagonistic role. Among them, Dickkopf-1 is a lab, NIMR, London).
secreted antagonist of Wnt signaling (Niehrs; see Glinka The conservation of the signaling molecules present
et al., 1998) both in Xenopus and mouse. Dickkopf-1 in the AVE has been tested by grafting rabbit AVE into
functions upstream of Dishevelled, suggesting that its
the chick epiblast (primitive ectoderm), which was in-
Wnt antagonistic action may be exerted at the level
structed to express forebrain markers (Kessel). How-of the Wnt protein receptors (Nierhs). Furthermore, the
ever, chick anterior hypoblast (primitive endoderm) fromhead inducer Cerberus is a multifunctional secreted mol-
pregastrulating embryos does not show this property,ecule that antagonizes BMP, Wnt, and Nodal signaling
which resides instead in the node derivatives. Kessel(De Robertis; see Piccolo et al., 1999), its activity re-
proposed that the signal in the chick exits in the nodesulting in a restriction of the trunk organizer signals to
as a separate entity and has been transferred to thethe posterior part of the embryo. Similarly, the homeo-
endoderm during evolution. Alternatively, the hypoblastprotein Bozozok also seems to inhibit BMP and Wnt
(endodermal) signal may be released at earlier stagespathways (Solnica-Krezel, Vanderbilt University, Nash-
in the chick, compatible with the finding that the rotationville), which is in agreement with its mutant phenotype
of the chick hypoblast before primitive streak formationof lack of forebrain structures (Fekany et al., 1999). Trunk
alters the orientation of the anteroposterior axis (Wad-induction would in turn require an anti-BMP factor in
dington, 1933). It is also worth noting here that the yolkconjunction with positive signals such as Wnt, FGF, and
retinoids. cells at the level of the organizer in Xenopus may be
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the equivalent of the AVE, as suggested by their expres- What Can We Learn from the Different
Experimental Systems?sion of cerberus (De Robertis). This tissue, located adja-
Undoubtedly, Xenopus is the organism in which wecent to the organizer, is likely to have been classically
know most about organizer formation and function. Dis-included in the organizer grafts, giving rise to complete
sections, grafting, and tissue recombination experi-A±P patterned secondary axes (Beddington and Robert-
ments, together with overexpression and ectopic ex-son, 1999). This is also likely to occur in the zebrafish
pression experiments with DNA, mRNA, or proteinwhere, in addition, a row of anterior ectodermal cells
injection in the 2±8 cell stage, have provided invaluableare required for forebrain development (Houart et al.,
information on the role of different patterning molecules1998; Figure 2).
and in the identification of signaling pathways. However,Is Patterning Possible in the Absence
some of the biological implications extracted from theseof a Differentiated Organizer?
gain-of-function approaches still have to be tested inThrough a series of extremely skillful grafting and recom-
other vertebrates, and loss-of-function experiments arebination experiments in the early mouse gastrula em-
needed to analyze the consequences that the absencebryo, P. Tam (CMRI, Wentworthville, Australia) and J.
of a particular factor may convey. Recent successfulRossant (Mount Sinai, Toronto) proposed the existence
attempts of transgenesis in the frog will definitely makeof an early gastrula organizer (EGO; Tam) present in the
Xenopus suitable to wider experimental approachesembryo well before the appearance of the node. The EGO,
(Amaya et al., 1998).acting through what can be considered as a ªNieuw-
Large-scale mutagenesis screens in zebrafish havekoop activityº (Rossant; see Figure 1), was shown to be
permitted the analysis of many different mutants and thea source of neural inducing signals and sufficient to
subsequent identification of the affected genes (Mullins,initiate neural patterning. No anterior neural markers are
Schier, Schulte-Merker, see also Special zebrafish is-found in the structures induced unless the AVE and
sue, Development, 1996). The fish is becoming a usefulanterior epiblast are transplanted with the EGO, again
system for positional cloning and insertional mutagene-indicating that this visceral endodermal tissue is in-
sis and, due to their transparency at early stages, zebra-volved in anterior patterning in the mouse. In this case,
fish embryos allow the direct visualization of in vivo genesignals emanating from tissues around the streak still
expression and cell movements by the use of fluorescentoperate to instruct posterior phenotypes. These are
markers such as GFP transgenes or caged compoundslikely to be retinoids and members of the FGF and Wnt
(Schier).families (Rossant), as has also been observed in other
The avian embryo is an extremely amenable systemvertebrates during normal development.
to experimental manipulation. An additional advantageIn any case, it seems that in the absence of a differenti-
of the chick blastoderm is that extraembryonic territor-ated organizer, patterning is possible. Indeed, HNF3b
ies are readily accessible to check inductive processesmutant mice lack a proper node and a notochord, and
mediated by the ectopic expression of putative inducersthey still have a neural plate that, although defective,
(Alvarez, Kessel). Some of these experiments are in factexpresses neural markers. The dorsal mesodermal de-
providing new information to be added to the conclu-rivatives (somites) also form, although they are fused in
sions reached from experiments carried out in amphib-the midline due to the lack of the notochord (Rossant;
ian embryos. However, loss-of-function experimentssee Ang and Rossant, 1994). However, they show a
and chick transgenesis are still underdeveloped.deficiency in differentiation, no dorsoventral patterning,
If the main limitation of the amphibian and chick em-and defects in left±right asymmetry (Rossant). This phe-
bryos is the generation of null and conditional mutants,notype is also observed in organizer-ablated mice (Tam)
the mouse system provides the best alternative. The
or zebrafish, although it cannot be excluded that
problem in this case has classically been its inaccessibil-
Chordin-expressing cells are still present in the later
ity to experimental manipulation. However, we wit-
embryos (Schulte-Merker). Chimeras made of wild-type nessed at this meeting the spectacular advances that
extraembryonic tissues and HNF3b mutant embryonic can be expected from the generation of extremely useful
tissue show that the presence of this molecule in the chimeras with selective wild-type and mutant tissues
visceral endoderm is required for primitive streak forma- (Rossant, Martinez-Barbera), conditional mutant mice
tion. Nevertheless, this was not sufficient to rescue the (Ang), gene replacement (Simeone), and the availability
formation of the node, the notochord, nor the left±right of a whole embryo culture that allows extremely sophis-
asymmetry defects (Rossant), suggesting the existence ticated micromanipulations (Tam). What is missing in
of an early and a late role for HNF3b. This has been the mouse is the possibility of performing subtle analysis
confirmed by the analysis of stage-specific (from 7.5 of cell behavior, which is probably best carried out in
days of development) conditional mutant mice. The sec- the chick and zebrafish.
ond phase is required for floor plate development and
for Sonic hedgehog induction (S. L. Ang, IGBMC, Stras- Concluding Remarks
bourg), explaining the dorsoventral patterning defects. Spemann wrote in a letter to Hamburger that the strategy
This is compatible with the fact that, in the chick, the of his research was ª... to tackle the most immediately
node is the precursor of the notochord, the dorsal endo- solvable question until, piece by piece, the whole is
derm, and also the floor plate. All these structures ex- achievedº (Hamburger, 1969). This great piece of advice
press HNF3b from their origin in the node throughout has undoubtedly been followed by the scientists work-
gastrulation and neurulation (N. Le Douarin, CNRS, No- ing in the field for 75 years that have followed the discov-
ery of the organizer. We have accumulated an immensegent-sur-Marne).
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primitive streak and Hensen's node by the posterior marginal zoneamount of information about the molecules that are in-
in the early chick embryo. Development 125, 3521±3534.volved in the morphogenetic processes governed by
Bauer, H., Meier, A., Hild, M., Stachel, S., Economids, A., Hazelett,the organizer, its precursors and its derivatives. Out-
D., Harland, R.M., and Hammerschmidt, M. (1998). Follistatin andstanding progress has been made in identifying intricate
noggin are excluded from the zebrafish organizer. Dev. Biol. 204,
molecular pathways that can elicit a great diversity of 488±507.
responses depending on the competence of the respon- Beddington, R.S.P., and Robertson, E.J. (1999). Axis development
sive tissue, which is exquisitely determined in time and and early asymmetry in mammals. Cell 96, 195±209.
space. Since it is not likely that many more different Chang, C., and Hemmati-Brivanlou, A. (1998). Cell fate determination
pathways remain to be discovered, the difficult task in embryonic ectoderm. J. Neurobiol. 36, 128±151.
that now remains is to dissect out the combinatorial Conlon, F.L., Lyons, K.M., Takaesu, N., Barth, K.S., Kispert, A.K.,
interactions among them, which undoubtedly will hold Herrmann, B., and Robertson, E.J. (1994). A primary requirement
for nodal in the formation and maintenance of the primitive streak.the final key to generating the early patterns within the
Development 120, 1919±1928.embryo.
De Robertis, E.M., and Sasai, Y. (1996). A common plan for dorso-Apart from the signaling pathways, morphogenetic
ventral patterning in Bilateralia. Nature 380, 37±40.cell movements are crucial for normal development and
Ding, J., Yang, L., Yan, Y.-T., Chen, A., Desai, N., Wynshaw-Boris,account for the establishment of embryonic polarity and
A., and Shen, M.M. (1998). Cripto is required for correct orientationthe positioning of the organizer. The manifestation in
of the anterior±posterior axis in the mouse embryo. Nature 395,
gastrulating mouse embryos of different signaling cen- 702±707.
ters (the anterior visceral endoderm versus the node) Fekany, K., Yamanaka, Y., Leung, T., Sirotkin, H.I., Topczewski, J.,
may also be a consequence of the early movements of Gates, M.A., Hibi, M., Renucci, A., Stemple, D., Radbill, A., et al.
both the endoderm and the epiblast. Possibly, the rea- (1999). The zebrafish bozozok locus encodes Dharma, a homeodo-
main protein essential for induction of gastrula organizer and dor-son why the anterior and posterior organizers in frog
soanterior embryonic structures. Development 126, 1427±1438.and fish embryos have remained elusive is because they
Feldman, B., Gates, M.A., Egan, E.S., Dougan, S.T., Rennebeck,lie very close to each other in the late blastula embryo.
G., Sirotkin, H.I., Schier, A.F., and Talbot, W.S. (1998). ZebrafishRegarding neural induction, it now seems that BMP inhi-
organizer development and germ layer formation require nodal-
bition might not be the only requisite, and that a prepat- related signals. Nature 395, 181±185.
tern may underlie the response to the known neural
Glinka, A., Wu, W., Onichtchouk, D., Blumenstock, C., and Niehrs,
inducers. C. (1997). Head induction by simultaneous repression of Bmp and
The questions that remain open will probably only Wnt signaling in Xenopus. Nature 389, 517±519.
be answered by integrating the results obtained in the Glinka, A., Wu, W., Delius, H., Monaghan, A.P., Blumenstock, C.,
different systems. Regardless of the seemingly conflict- and Niehrs, C. (1998). Dickkopf-1 is a member of a new family of
secreted proteins and functions in head induction. Nature 391,ing results obtained from different vertebrates, there
357±362.are many common findings that undoubtedly imply that
Gritsman, K., Zhang, J., Cheng, S., Heckscher, E., Talbot, W.S.,the crucial patterning mechanisms will be conserved
and Schier, A. (1999). The EGF-CFC protein One-eyed pinhead isthroughout vertebrate evolution. Needless to say, many
essential for Nodal signaling. Cell 97, 121±132.
of them are also conserved between vertebrates and
Gurdon, J.B., Dyson, S., and St Johnston, D. (1998). Cells' perceptioninvertebrates (De Robertis and Sasai, 1996). This meet-
of position in a concentration gradient. Cell 95, 159±162.
ing was a good opportunity to discuss and to try to
Hamburger, V. (1969). Hans Spemann and the organizer concept.
reconcile apparent contradictory results in the hope that Experientia 25, 1121±1125.
this ªget-togetherº will help to clarify and provide defini- Harland, R., and Gerhart, J. (1997). Formation and function of Spe-
tive answers to the questions that arose during those mann's organizer. Annu. Rev. Gen. Dev. Biol. 13, 611±617.
three days in Madrid. Heasman, J., Crawford, A., Goldstone, K., Garner-Hamrick, P., Gum-
biner, B., McCrea, P., Kintner, C., Noro, C.Y., and Wylie, C. (1994).
Overexpression of cadherins and overexpression of b-catenin inhibit
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